Summary. The following aspects are discussed in relation to the cellular and subcellular localization of steroid metabolism in the rat testis: (1) the localization of enzyme activities for steroid production in interstitial tissue and seminiferous tubules in intact cells and in isolated mitochondrial fractions; (2) steroid production by isolated cellular and subcellular fractions and by the intact testis in vivo; and (3) the effect of cofactors on steroid production by rat testis preparations in vitro. It is concluded that it is difficult to decide whether steroid production and the enzymes involved in steroid metabolism are restricted to specific compartments. Steroid production by the testis can, however, be quantitatively explained by that occurring in the isolated mitochondria of the interstitial tissue.
INTRODUCTION
Increasing interest in the regulation of testis function with respect to steroidogenesis and spermatogenesis has made it obvious that a proper understanding of the intercellular and subcellular localization of the enzymes and steroids in¬ volved is required before the biochemical mechanisms involved can be fully appreciated. Ultimately one may hope to explain in molecular terms the obligatory steps required for the apparent effects of LH on testicular steroidogenesis and of those of FSH on the seminiferous tubules which include the process of spermatogenesis. It is said (see ) that LH will specifically stimulate cyclic AMP (cAMP) and testosterone production in the interstitial tissue, but not in seminiferous tubules (for review, see Rommerts et al., 1974) , whereas FSH will only stimulate cAMP production and other processes in the seminiferous tubules (Braun & Sepsenwol, 1974; Codke et al., 1974; Dorrington & Fritz, 1974; Means et al., 1974) . This effect of the trophic hormones on cAMP production is thought to be preceded by a specific interaction of LH and FSH with cell-membrane receptors in the two tissues respectively (Dufau et al., 1973; Bhalla & Reichert, 1974) . The binding of LH to the interstitial cells is followed by an increase in steroid production , whilst Armstrong, 1968) and of ACTH on the adrenal (for review, see Schulster, 1974) .
The scheme in Text- fig. 2 includes some of the postulated loci of action of LH on the testis and is mainly derived from information on the adrenal. The postulates include a possible action of LH on : ( 1 ) cholesterol ester hydrolysis (Moyle et al., 1973a, b) ; (2) the rate of transfer of cytoplasmic cholesterol into mitochondria (Ungar etal., 1973) ; (3) the mitochondrial cholesterol side-chain cleaving activity (Menon et al., 1967) . This effect could result from (a combina¬ tion of) different actions on available cofactors (Robinson & Stevenson, 1972) or on the association between cholesterol and cytochrome P450 (Mason et al., 1973; Jeffcoate et al., 1974) ; and (4) the rate of pregnenolone release from the mitochondria which may influence the rate of conversion of cholesterol to pregnenolone as suggested by Koritz & Hall (1964 Table 1 ) and the subcellular localization of these enzymes has also been studied (for review, see Tamaoki, 1973 , 1973, 1975) ; and the subcellular and intracellular distribution ¡of 3/?-hydroxysteroid dehydrogenase (3/J-HSD) in testis and the effect of HCG on the activity of this enzyme (van der Vusse et al., 1974 (van der Vusse et al., , 1975 . (Rommerts et al., 1973) . The relative purity of the isolated tissue fractions was assessed by the relative specific activity of carboxyl esterase (see Table 2 and Text- fig. 6 The data in Table 4 reflect that the 800 g supernatant of seminiferous tubules in tris-EDTA buffer containing cofactors may also produce a small amount of testosterone, albeit this production is still very small when compared to the levels and production in interstitial tissue.
SUBCELLULAR LOCALIZATION OF ENZYME ACTIVITIES AND STEROID PRODUCTION
Subcellular fractions were prepared from whole testis tissue, from isolated interstitial tissue and from isolated seminiferous tubules according to the fractionation scheme in Text- fig. 3 . Several enzyme activities and endogenous steroid production were studied in the nuclear fraction, the nuclear free super¬ natant, the mitochondrial fraction, the microsomal fraction and the 105,000 g supernatant. The presumed purity of the isolated fractions was derived from the presence of specific markers, which are known to be associated with particular subcellular fractions. From fig. 3 . Flow-sheet for the isolation of subcellular fractions from rat testis homo¬ genate. Tissues were homogenized (at 4°C in 0-25 M-sucrose containing 1 mM-EDTA with an automatic Potter homogenizer (Braun Melsungen, Germany) ) three times at 1100 rev/min for 15 sec each time. Nuclear fractions (N, 500 gov for 10 min, pellet), mito¬ chondrial fractions (M, 15,000 g" for 10 min pellet), microsomal fractions (P, 1 hr, 105,000 g.v pellet) and particle-free supernatant (S, 1 hr 105,000 gav supernatant) were obtained by differential centrifugation. The and M fractions were isolated using a Sorvall HB-4 swing-out rotor in a Sorvall RC 2-B centrifuge and were washed twice with 0-25 M-su¬ crose, containing 1 mM EDTA. The and S fractions were obtained with a Beckmann 50 Ti rotor in a Beckmann L2-65B ultracentrifuge. (Data from van der Vusse et al., 1974.) As all the enzymes required for steroid biosynthesis have been demonstrated in most of the subcellular fractions the endogenous production of steroids by mitochondria was studied in detail. The steroid production in mitochondria can be estimated either as the amount of testosterone formed or, in the presence of cyanoketone, an inhibitor of 3/J-HSD, as the amount of pregnenolone formed. The results in clearly reflect that endogenous steroid production is mainly concentrated in heavy and light mitochondria of whole testis and most, if not all, of this derives from the interstitial cell mitochondria (Text-fig. 6 ). This is also reflected by the data in Table 5 , which indicate that mitochondria from the interstitial tissue of control and HCG-treated rats produce about 100 to 200 times as much steroid/mg protein than do mitochondria from seminiferous tubules. Since the interstitial tissue represents only about 10% of the testis, its mitochondria would contribute at least 10 to 20 times as much steroid as those from seminiferous tubules to the steroid production of the whole testis. .)
It appears from the data in Table 6 that the secretion of testicular testosterone in intact rats is of the same order of magnitude as the production of pregnenolone plus testosterone by mitochondrial fractions obtained from whole testis tissue or from interstitial tissue if the production of such fractions is calculated as a proportion of that of the whole testis. (Tamaoki, 1973) (Hansson et al., 1973) , and the rapid distribution of injected steroids across the interstitial
